Our research focuses on Holocene tectonics in a broad area surrounding the junction between the 18 active NW-SE trending Husavik-Flatey transform fault (HFF) and the N-S Gudfinnugja normal 19 fault (GF), an exceptional example of onshore transform-ridge intersection. We mapped 637 minor 20 and major faults, and measured the dip-slip and strike-slip offset components on the major faults. 21
The results indicate that this portion of the HFF comprises major right-stepping segments, with both 23 normal and right-lateral strike-slip components, linked by local normal faults. The entire GF always 24
shows pure dip-slip normal displacements, with a strong decrease in offset at the junction with the 25 HFF. Fissure opening directions are in the range N45°-65°E along the HFF, N90°E along the GF, 26 and N110°E within the area south of the HFF and west of the GF. Fault kinematics and fissure 27 openings suggest a displacement field in good agreement with most of present-day GPS 28 measurements, although our data indicate the possible long-term Holocene effects of the 29
Introduction 37
The active Iceland rift zone runs NNE-SSW across the entire island and, in its northern 38 sector, it is connected with the Kolbeinsey mid-ocean ridge (Fig. 1 ). This connection is expressed 39 by the parallel right-lateral strike-slip Grimsey, Husavik-Flatey, and Dalvik faults, which make up 40 the 120-km-long Tjörnes transform fault zone (Ward, 1971; Saemundsson, 1974) . Most of these 41 faults are offshore, whereas the south-eastern segment of the Husavik-Flatey Fault (HFF) is very 42 well expressed on-land, where the fault has a length of 25 km, strikes NW-SE across the southern 43 part of the Tjörnes peninsula and connects to a set of approximately N-S-striking normal faults and 44 fissures known as the Theystareykir fissure swarm (TFS), part of the North Volcanic Zone of 45
Iceland. Most earthquakes along the rift zone are <M4 (Einarsson and Bjornsson, 1979 ; 46 Gudmundsson, 1999) , whereas transform zones such as the Tjornes are characterised by destructive 47 7 160
The Husavik-Flatey Fault 161
The stretch of the HFF that we surveyed in the most detail in the field is made up of three 162 main, WNW-ESE-striking segments (I, III and V in Fig 3) . These are made up of single faults 163 linked by two NNW-SSE-striking segments (II and IV in Fig. 3 ). From Segment II eastwards, the 164 2.4-ka-old lavas are mostly confined to the downthrown block, although they locally onlap the fault 165 scarps and are involved in the younger deformation events. The 14.5-ka-old lavas crop out on the 166 relatively uplifted block north of the faults. 167 Segment I strikes N123°E and is represented by a rectilinear fault mostly covered by active 168 scree deposits, along which three main landslides of post-LGM age are aligned. At the south-eastern 169 termination of this segment an abrupt change in the structural architecture can be observed: the 170 single, N123°E-striking fault is replaced by a set of faults that strike from N154°E to N180°E 171 (Segment II in Figs. 3 and 4). In its northern part, this fault swarm is 125 m wide and marked by 172 seven, mainly dip-slip fault planes, five of which dip towards the WSW and two in the opposite 173 direction. To the south these faults gradually take on an en-échelon arrangement and eventually 174 form a 20-m wide deformation zone marked by fault scarps facing towards the WSW, with a total 175 dip-slip offset of a few metres. About 110 m west of these faults the footwall block is characterised 176 by the presence of NNW-SSE-striking fissures. In the southernmost portion of the area in Figure 4A 177 the 20-m wide fault zone widens into a fan-shaped fault swarm that extends southwards into a N-S-178 to NNE-SSW-striking fault zone. 179
East of this fan shaped fault zone, a single surface fault trace marks the HFF that here strikes 180 N114°E (segment III in Fig. 3 ). It shows evidence of a major right-lateral strike-slip component, 181 plus a normal dip-slip component with the downthrown block to the south. Segment III is 1-km 182 long and disappears in correspondence of another NNW-SSE-striking fault swarm (Segment IV), 183 which is made up of four, approximately 150-m long fault scarps striking from N153°E to N180°E, 184 facing towards the WSW. To the south this fault swarm is abruptly interrupted by Segment V (Fig.  185   8 3), comprising a series of slightly offset fault traces, which will be described from west to east. The 186 first fault strikes N123°E and bears evidence of both right-lateral strike-slip and normal dip-slip 187 components, with the downthrown block to the south. This fault trace is relatively straight up to the 188 point where a left-stepping jump occurs with some overlap (Fig. 5A) 
The Gudfinnugja Fault (GF) 213
We describe the GF, the westernmost structure in the TFS (Fig. 2) , subdividing it into three 214 sections: i) north of the junction with the HFF (1.5 km in length), ii) in close proximity to the 215 junction, and iii) south of the junction (4.5 km long). In the northern section, lavas cropping out are 216 14.5 ka old on both sides. South of the junction, 14.5-ka-old lavas crop out on the eastern block and 217 2.4-ka-old lavas occur on the western block. The first evidence of the GF to the north is represented 218 by NNE-striking fissures, south of which the actual GF occurs with an initial offset of about 2 to 3 219 m ( Fig. 6A ) along the first 100 m of its length, which increases southwards (e.g. Figs. 6B-C). In the 220 whole northern sector of the GF, lavas are displaced by normal faulting along one single fault scarp, 221 either without any rotation of the footwall block, or with very limited rotation (< 10°). Assuming an 222 original horizontal topography, as suggested by the surrounding flat area. The deformation style 223 along the GF changes abruptly at the intersection with the HFF, where we observed that the lavas 224 dip about 35° westwards. The dip angle becomes steeper to about 65° a few tens of metres south of 225 the triple junction (Fig. 6D) . This "monoclinal deformation style", characterised by the hanging-226 wall block dipping in the same direction as the fault plane, was observed along the whole southern 227 sector of the GF (from the triple junction to its southern tip), with dip angles ranging from 40° to 228 65° (Figs. 6D-F) . 229 230
Vertical offset measurements along the HFF and GF 231
We devoted considerable effort to the quantification (with the highest possible instrumental 232 detail) of offset variations along the HFF and GF. With regard to the former, we were able to assess 233 its vertical offset component manually because fault scarps in the whole studied section are always 234 < 17 m, hence enabling us to record offsets by means of a tape measure. However, along the HFF 235 the quantification of the strike-slip offset component was difficult due to the lack of piercing points. 236
Regarding the GF, as its offsets are much greater than those along the HFF, our methodology 237 comprised GPS measurements taken every 100 m as we walked both along the upper surface of the 238 footwall block and the lowermost surface of the hanging-wall block. The GPS altitude data 239 collected were processed to show the variations in offset amounts along the whole length of the GF. 240
Errors are in the order of 5% for tape measurements and 2 m for GPS measurements. 241
In regard to the HFF, within Segment II (Fig. 3) , which is made up of a series of parallel 242 faults, the total cumulative fault offset on all the scarps is 22. opening and the along-strike and normal-to-strike components. 264
As shown in Figure 3 , the 784 tension fractures in the HFF sub-area strike in the N315°W-265 N25°E range, with a dominant N315°W strike. In the rift zone sub-area, the 564 tension fractures 266 predominantly strike in a northerly direction. In the SW block, the 268 tension fractures we 267 recognised strike between N0°E and N25°E, with a peak in the N23°E direction. For each of the 268 sub-areas studied we plotted fracture and fault strike vs. longitude (Fig. 9) . In Figures 9A and 9B it 269 is possible to observe that all along the HFF fractures strike in the range N120°-215°E, whereas 270 faults tend to have a smaller strike variation and gradually rotate along longitude. In regard to the 271 other two sub-areas it is worth highlighting the similar distribution between fracture strikes and 272 fault strikes. In the GF rift sub-area (Figs. 9C, 9D), fractures and faults are markedly more frequent 273 east of the longitude that corresponds to the junction between the HFF and the GF. Moreover, 274 fractures and faults in this rift sub-area range from N160°E to N220°E along the GF, whereas they 275 tend to peak at a more northerly strike east of the GF. With regard to the SW-block sub-area we 276 highlight the scarcity or absence of tension fractures and faults within the first 2.5 km west of the 277 GF (Figs. 9E, 9F). Although a few fractures do occur near the GF, the wide fracture field described 278 by Garcia and Dhont (2005) corresponds to a set of lava flow structures belonging to a young lava 279 field that flowed northward (Fig. 2) . These structures may be erroneously attributed to post-lava 280 deformation but, in fact, they can be interpreted as accommodation zones that form during lava 281 emplacement under a brittle-plastic regime (for details see Tibaldi, 1996) . 282
Regarding fracture opening directions ( Fig. 10A and related rose diagrams) along the rift 283 they range from N45°E to N112°E, with a clear predominance of N90°-100°E-trending directions 284 and a statistical peak at N90°E. Along the HFF, opening directions show two clusters, one around 285 N50-80°E (less represented) and a predominant cluster from N80°E to N100°E. Finally, in the SW-286 block, opening directions vary from N80°E to N140°E, with a clear predominance at N100°-110°E 287 and a statistical peak of N112°E. In Figure 10A we also report the trend of GPS spreading vectors, 
Volcano-tectonic structures 296
In the studied area we found some structures that can be referred to volcanic and volcano-297 tectonic processes. In the western part there are a few, still recognizable, vents, some of which are 298 associated with small pyroclastic cones occurring on the summit area of the Hofudreidarmuli 299 volcano (Fig. 3) . On top of the edifice there is a set of N-S to ENE-WSW-striking fractures (a few 300 tens of metres in length) and normal faults, departing from the cones' craters. On account of this 301 observation, and their limited length, these structures can be regarded as due to volcano-tectonic 302 processes such as deformation due to magma upwelling and subsequent magma outpouring with 303 shallow deflation. Less than 0.5 km south of the Hofudreidarmuli volcano there are other vents that, 304 together with those described above, comprise a N-S-trending elongated zone of craters 305 (Saemundsson et al., 2012) . In the SW block sub-area, the Theistareykjahraun lava field is also 306 characterised by the presence of several effusion points that appear coeval based on the similar 307 stratigraphic level of the outpoured lavas (Fig. 3) . Although more detailed investigations are 308 necessary to assess the complete distribution of vents within this lava field, the vents do appear to 309 be concentrated in a general N-S alignment. 310 311
Discussion 312
Through the collection of new detailed field data we are able to determine the Holocene 313 displacement field in the area surrounding the junction between the HFF and the GF. Our analysis 314 13 of the HFF enabled us to assess that the surface expression of this major transcurrent structure is 315
represented by an en-échelon arrangement of faults rather than a single, continuous, strike-slip fault. 316
We also observed several transtensive and locally transpressive structures, some of which had 317 already been recognized by Gudmundsson (1993) . With the purpose of defining how recent 318 tectonics has affected the area, we also quantified in detail for the first time the deformation along 319 the GF and the opening direction of the associated fissures. 320 321
Fault geometry and kinematics 322

The Husavik-Flatey Fault (HFF) 323
We found that the portion of the HFF studied is composed of three main, en-échelon 324 arranged, WNW-ESE-striking segments linked by NNW-SSE-striking fault zones ( 
The Gudfinnugja normal fault (GF) 368
Our detailed study of the GF, the westernmost structure of the TFS, allowed us to determine 369 that along the 4 km segment south of the triple junction, the fault offset is consistently greater than 370 20 ± 2 m and peaks at 33 ± 2 m, whereas north of the triple junction, there is a decline in vertical 371 throw with a dominant range of 15-20 m and a peak of 28 m. Moreover, the northern section of the 372 GF affects 14.5-ka-old lavas on both sides, whereas to the south, 14.5-ka-old lavas crop out on the 373 eastern block and 2.4-ka-old lavas on the western block. This suggests that the actual offset south 374 of triple junction is likely to be at least between 28 and 53 m, taking into account the average 20-m 375 thickness of the 2.4-ka-old lavas. Also, recent GPS data (Jouanne et al., 2006) , indicate that in the 376 last few decades the area north of the triple junction has been moving westward at a much lower 377 velocity than the area south of the triple junction. Our results suggest that this differential 378 behaviour occurred over a much longer interval, producing a cumulative vertical offset that is lower 379 north of the triple junction than south of it. 380
We also noted that the deformation style dramatically changes across the triple junction: south 381 of it, a steeply-dipping monocline is associated with the GF along the hanging-wall block, whereas 382 no monocline can be observed north of the triple junction. The occurrence of monoclinal structures 383 flanking normal faults in Iceland has been explained in terms of: i) the friction produced along the 384 fault plane at depth (Gudmundsson et al., 1993) ; ii) the upward fault growth (Grant and Kattenhorn, 385
2004), and iii) the original geometrical attitude of lava beds (Sonnette et al., 2010). Our data 386
indicate that south of the triple junction the younger lavas were, at least in part, emplaced against 387 already existing west-facing fault scarps and this implies that the original dip-direction of the lava 388 beds after emplacement was toward the west. However, field evidence also indicates that lavas 389 within the monocline dip as steeply as 65°, too steep to correspond to their original attitude. 390
Moreover, locally, monocline lavas display flow direction structures that suggest they have been 391 tilted after emplacement. Since surface fault movements also occurred prior to the emplacement of 392 these younger tilted lavas, the model of Grant and Kattenhorn (2004) cannot be applied here 393 because the existence of surface fractures along the GF, earlier than the emplacement of the tilted 394 lavas, is incompatible with the successive upward propagation of a fault plane. Therefore, we 395 suggest that the presence of the monocline here can be interpreted in terms of a combination of the 396 original attitude of the lava beds and post-emplacement deformation. 397 398
Tension fracture opening directions 399
We discuss here our data on tension fracture opening directions as collected in the different 400 sub-areas and attempt a comparison with recent GPS data, although we need to add a note of 401 caution that opening directions derived by tension fracture dilation represent a cumulative offset 402 since 14.5 ka BP or 2.4 ka BP (depending on the affected rock units) and hence can be regarded as 403 representing the long-term displacement field. (Fig. 12A) reveal a WNW-directed 425 escape of our whole study area. These vectors are oblique with respect to the studied GF zone and 426 may represent a short-term velocity field superimposed on the long-term, E-W-directed deformation 427 that we documented through our fracture opening data. In other words, the dominant direction of 428 deformation obtained by regional GPS and plate tectonic data is WNW-ESE (Fig. 12) , but the field 429 data of the structures along the GF recorded a more E-W-trending dilatation, which is probably due Farther west in the SW-block (at a distance > 2.5 km from the GF) tension fractures do occur, 440 but here they have a dominant N0°-10°E strike and N110°E-trending opening direction (Fig. 10 (Fig. 11C) that the tectonic block south of the HFF and west of the GF is stable with respect to a 462 fixed North America frame, whereas the block north of the HFF moves towards the ESE. 463
By merging all the data it is possible to illustrate the long-term Holocene displacement field. 464
In Figure 13 
